Inhibition of Aspergillus flavus growth from spores was used as a simple bioassay for toxicity of Al and Mn mobilized by simulated acid precipitation. Al was identified as being toxic in soil leachates resulting from acid inputs of pH less than 2.7. Inhibition by Mn was not detectable. The addition of fluoride significantly reduced Al toxicity, suggesting that biotoxicity of Al is partially dependent on the anionic composition of the soil solution.
Mobilization of soil aluminum by acid precipitation has been suggested to cause damage to forest trees (11, 12) . Generally, soil aluminum or manganese becomes toxic to plants in relatively acidic soil (pH < 5.5 to 5.0), and this phenomenon is commonly associated with phosphorus deficiency and low calcium concentrations (3) . It has been hypothesized that injury to plants due to Al occurs when the mole ration of Ca to Al in the soil solution is less than 1 (10; G. Abrahamsen and B. Tveite, Stockholm Conf. Acidification Environ., 21 to 24 June 1982). There is much current research activity on the possibility of acid deposition-induced aluminum toxicity to trees in terrestrial systems and Al toxicity to aquatic biota (1); however, there is little information available concerning the potential for acid rain-induced Al toxicity to soil microbial processes.
The objective of this study was to assess the potential for changes in soil microbial activity due to mobilization of Al or Mn by acid precipitation. We used growth of Aspergillus flavus from spores as a bioassay for toxicity of Al and Mn in soil solution. To simulate transient mobilization of these soil constituents, 5-g samples of soils were leached with 50 ml of simulated acid rain over 2-h periods (comparable to 9 cm of precipitation moving through 1 cm of soil). The soils were part of a study in which 26 California soils were tested to determine sensitivity to acid precipitation (J. G. McColl, publication PB82-122110, National Technical Information Service, Washington, D.C., 1981; J. G. McColl, unpublished data). Treatment solutions were of eight pH values ranging from 5.5 to 2.0; the total ionic composition was designed to simulate acid precipitation occurring in northern California (8) and has been reported previously (6 Zones of inhibition of fungal growth were first qualitatively documented through visual inspection ( Fig. 1) . To quantify inhibition, the experiment was rerun with the leachates from the pH 2, 3, and 4 inputs. Respiration rates of the fungal mat were determined by sampling cores from plates and quantifying CO2 production with a Varian 3760 gas chromatograph equipped with a thermal conductivity detector and a Porapak Q column (1 m by 32 mm). For each treatment, two sets of cores were tested: one set taken from within the zone of inhibition, and one set was taken from outside the zone. For each treatment set, five replicate flasks were run. Each flask contained 10 cores (5 from each of two plates). Bioassays were also run on the following solutions: 1.0 M sodium acetate-hydrochloride buffer, pH 3.0; buffer (pH 3.0, as before) containing 1, 200 [Lmol of Al liter-} and 470 Fjmol of Mn liter-'; and buffer solutions containing the same concentration of each metal separately (Al and Mn solutions were dilutions of atomic absorption standards from P-H TAMM and Baker, respectively). Samples of all Al-containing solutions (soil leachates and buffers) were titrated with 1.0 N NaF until free F-was just detectable by a fluoride-specific electrode (Orion); the quantity of NaF required was generally about 80% of the Al present (on a molar basis). The Fion is a strong Al-complexing agent (2) . The addition of the NaF did not measurably alter the pH of the solutions. These fluoride-amended solutions were used for parallel bioassays.
Increasing the acidity of the leaching solution generally increased the quantities of Al, Mn, and Ca eluted ( Table 2 ). Between soils, however, the quantity of Al and Mn mobilized was not simply a function of the output solution pH. Although the Surnuf, subsurface soil consistently had the most acidic leachate pH, less Al and Mn was eluted from it than from the two surface horizon soils.
There were no significant effects of leachates from soils treated with pH 5.6, 4.0, or 3.0 solutions on the growth ofA. flavus from spores, but leachates from the Shaver and Aiken soils receiving pH 2.0 inputs did significantly inhibit fungal growth (Fig. 2) . To identify the toxic source in the soil leachates, bioassays were performed using solutions buffered to pH 3.0 and containing Al and Mn concentrations similar to the highest observed in the Shaver and Aiken soil leachates. Buffer of pH 3.0 alone and buffer containing Mn alone did not inhibit fungal growth (Fig. 3) . The leachate simulations containing Al significantly inhibited spore germination; however, they were not as toxic as the Shaver and Aiken (pH 2.0 input) leachates (Fig.  3) . This indicates that Al was a toxic factor but also that some unidentified component(s) (perhaps organic ligands) was enhancing soil leachate toxicity. When the fluoride-amended leachates and buffer solutions were tested, the presence of this strong Al-complexing species significantly reduced the solution toxicity ( Fig. 2  and 3 ). This observation confirmed that a major portion of the leachate toxicity resulted from mobilized Al.
In the two soil leachates which caused inhibition of fungal growth from spores, the mole ratios of Ca to Al were 2.2 (Shaver) and 4.3 (Aiken). Hence, fungal spore germination or growth appears to be sensitive to Al even in the presence of proportionately high concentrations of Ca. This is consistent with the work of Keyser and Munns on rhizobia in which Ca was found to have little protective effect against Al toxicity (5 We observed Al toxicity in soil leachates containing relatively high concentrations of Al resulting from an extreme acid input of pH 2.0. Our data confirm that soils vary substantially in their potentials for Al and Mn mobilization and subsequent toxicity. Of the 26 soils which were leached with solutions of simulated acid rain of pH 2.0, 10 soils yielded concentrations of Al in the leachates (>500 ,umol liter-) which would have inhibited fungal growth in the bioassay system employed (McColl, unpublished data). However, when the soils were leached with solutions with an initial pH of 2.3, only two soils produced Al concentrations greater than the toxicity threshold; when pH 2.7 solutions were used, none of the soils studied yielded toxic Al concentrations in leachate.
To date, there is little evidence indicating that acid rain-induced Al or Mn toxicity inhibits soil microbial activity under field conditions. Our results do indicate, however, that under severe conditions the potential may exist and that toxicity is not only a function of the quantity of Al mobilized but also of the anions present in the soil solution.
